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SUMMARY 

Thymic specif ic deoxyribonucleotidyl transferase (terminal transferase) 
was ident i f ied and pa r t i a l l y  puri f ied from peripheral blood leukocytes of a 
patient with chronic myeloblastic leukemia (CML). The enzyme polymerizes deoxy- 
ribonucleoside triphosphates in the presence of an oligodeoxynucleotide alone as 
i n i t i a t o r ,  independent of template and the incorporation of one radiolabeled 
deoxyribonucleotide is inhibited by the presence of other unlabeled deoxynucleo- 
t ides. The puri f ied enzyme prefers oligo(dA) among various primers tested and 
favors Mn ++ for ac t i v i t y .  This f inding and the previous report in human acute 
lymphocytic leukemic cel ls (4) suggest that some human leukemias may be thymic 
cell derived. A l ternat ive ly ,  the results may be explained by the presence of 
thymic gland derived cel ls among the leukemic cel ls  or i f  in certain leukemias 
which may have nothing to do with thymus ce l ls ,  terminal transferase ac t i v i t y  
is increased. 

Terminal deoxyribonucleotidyl transferase (terminal transferase) cata- 

lyzes the polymerization of deoxyribonucleoside triphosphate using the 3'-OH 

end of an oligodeoxyribonucleotide or a polydeoxyribonucleotide as an i n i t i a t o r ,  

independent of template. Terminal transferase was f i r s t  discovered in cal f  

thymus (1,2). I ts  function and ce l lu lar  location are not known. Subsequently, 

th is enzyme was looked for in a var iety of tissues but ident i f ied only in thymic 

cel ls .  For instance, i t  was not found in the bursa of Fabricius of chickens 

nor in mammalian bone marrow, spleen, lymph nodes, c i rcu lat ing lymphocytes, 

l i ve r  and lungs (3). Recently, McCaffrey et al.  (4) showed the presence of 

terminal transferase in blood leukocytes from 3 of 5 patients with acute 

lymphoblastic leukemia (ALL) and suggested a thymic or ig in of the disease. 

They did not f ind terminal transferase in HeLa ce l ls ,  cultured lymphocyte 

cell l ines,  and blood cel ls  from a patient with lymphosarcoma and cel ls  

frommyeloblastic leukemia. The presence of terminal transferase in ALL 
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cells was confirmed (~I~ Bhattacharyya, unpublished data) in three cases 

out of three. Terminal transferase was also identif ied in peripheral blood 

leukocytes of two patients with chronic myeloblastic leukemia (CML blastic 

phase) and two other cases with acute myeloblastic leukemia (AML). The enzyme 

part ia l ly  purified from these CML and AML cells has properties similar to 

terminal transferase from calf thymus and human thymus. In this communication 

the identif ication and biochemical characterization of terminal transferase 

in the cells of a patient with chronic myeloblastic leukemia (CML) with typical 

markers of CML are reported. 

MATERIALS AND METHODS 

Source of Leukemic Cells 

The patient was a 27 year-old male who had generalized lymphadeno- 

pathy and hepatospenomegaly. The morphology of cells from his bone marrow and 

peripheral smear were typical of CML. Other laboratory findings, diminished 

leukocyte alkaline phosphatase and presence of the Philadelphia chromosome in 

marrow and blood cells were also consistent with that diagnosis. Later he went 

into an acute phase of the disease and his peripheral blood cells were poorly 

differentiated blasts. These were the leukocytes used for this study. 

The whole blood was incubated at 370 for 3 hours. The sedimented 

red blood cells were discarded and upper layer containing the white blood cells 

was centrifuged at 600 xg for lO minutes. The sedimented cells were washed 

3 times with RPMI-1640 media salt solution (Grand Island Biological Co.). The 

cells were suspended in the same solution containing I0% (v/v) dimethyl 

salfoxide and were kept frozen at -70°C. 

Human Thymus 

The thymus was obtained during cardiac surgery of a three year-old 

g i r l .  

Preparation of Crude Extract 

Forty gms of cells were washed twice with PBS and then suspended in 

80 ml of buffer containing 50 mM Tris-HCl (pH 7.9), 20 mM dithiothreitol  (DTT), 
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5 mM MgCl 2 and 0.2 M sucrose. The suspension was dounced manually in a glass 

homogenizer ( te f lon pestle) unt i l  90-95% ce l ls  were broken (monitored by 

taking an a l iquot  and examining under phase contrast microscope). The nuclei 

and mitochondria were separated by d i f f e ren t i a l  cent r i fugat ion f i r s t  at I000 xg 

for  I0 min. and then at I0,000 xg for  15 min. The postmitochondrial super- 

natant was placed on top of a 3 ml of 25% (w/w f i n a l )  sucrose cushion in 

homogenizing buf fer  and centr i fuged at 150,000 xg for 2 hrs. in a type 65 rotor  

(Beckman). The supernatant was aspirated out and saved. 

The high speed pe l l e t  (150,000 xg pe l le t )  was suspended in 50 mM 

Tris-HCl (pH 7.9) containing 1 mM DTT and made to 0.8 M KCI and 0.5% t r i t o n  

X-IO0. The mixture was s t i r red  at 0-2°C for  2 hrs. Then i t  was centr i fuged 

at I00,000 xg for  1 hr. The supernatant was taken and the pe l l e t  was reextracted 

as before. The supernatants were pooled and dialyzed against 50 mM Tris-HCl 

(pH 7.9),  1 mM DTT and 20% glycerol (v/v) (buf fer  A). The dialyzed material 

was used as the s tar t ing  crude ext ract  for  fu r ther  studies. 

The nuclear pe l l e t  and the mitochondrial pe l l e t  were processed 

exact ly in the same way as above. 

The 150,000 xg supernatant was made 70% saturat ion with (NH4) 2 SO 4 

and the prec ip i ta te  was dissolved in 50 mM Tris-HCl (pH 7.9) containing 1 mM 

DTT and dialyzed against I00 volumes of buf fer  A with 2 changes of buf fer .  

The concentrated and dialyzed materials was used as crude ext rac t .  

Human thymus was also processed in the same way as described above. 

Estimation of Terminal Transferase 

An a l iquot  (0.4 ml) of the crude ext ract  from the high speed p e l l e t  

was layered on top of a 20-60% glycerol gradient in 50 mM Tris HCl (pH 7.9) 

and 1 mM DTT and was centr i fuged at 40,000 rpm in a SW-41 ro tor  (Beckman) for  

16 hrs. The gradient was f ract ionated into 27 to 30 equal f ract ions and assayed 

for terminal transferase a c t i v i t y  as described in Table I .  The units of  enzyme 

a c t i v i t y  per gm of t issue were calculated by summing the a c t i v i t y  on the gradient.  

Terminal transferase contents were also estimated from the other 
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Table 1 

Content of Terminal Transferase in Human 

Leukemic Cells and Normal Human Thymus 

Tissue 

Human CML Blast 

Cells 

Normal Human 

Thymus 

Units of Terminal Transferase per gm of Tissue 

Nucleus 

9.0 

17,1 

Mitochondri 

0.2 

0.3 

a Hi gh Speed 
Pel le t  (150,000 

xg pel Ie t )  

I I  .8 

24.6 

Soluble 
Supernatant 

13.2 

35.3 

Total 

34.2 

77.3 

A port ion of the crude ext ract  (0.4 ml) was layered on top of a 20-60% (v/v) 
glycerol gradient and was spun at 40,000 rpm for  16 hours in a SW-41 rotor  (Beckman). 
The gradients were fract ionated into 27 to 30 equal f ract ions.  15 ~I from each frac- 
t ion were taken and assayed for  terminal transferase. The reaction mixture contained 
~0 mM Tris-HCl pH 7.9, 50 mM KCl, 5 mM DTT, 0.6 mM MnCI 2, 50 ~g/ml of dA12_18, 35 ~M 

H-dGTP (sp. ac. 13 Ci/mM), 500 ~M cold dGTP and the enzyme. The reactions were for 
1 hour at 37°C. The reactions were stopped by adding 2 ml of 10% CCI3COOH. The samples 
were washed on mi l l ipore  f i l t e r  paper with 5% CCI3COOH, dried and counted in l iqu id  
s c i n t i l l a t i o n  counter, The tota l  units of the enzyme was calculated by summing the 
a c t i v i t y  on the gradient. One uni t  of the enzyme being the amount of enzyme which 
incorporates 1 nM of dGTP per hour into acid insoluble polymer. All  crude extracts 
were processed under ident ical  condit ions. 

subcel lu lar f ract ions of the leukemic ce l ls  and normal human thymus (see Table I ) .  

pu r i f i ca t i on  of Terminal Deoxyribonucleotidyl Transferase 

The crude ext ract  as described above was applied on a DEAE-cellulose 

(DE-52) column (25cm x 2cm) preequi l ibrated with buffer A. The column was 

washed with buf fer  A and the enzyme was eluted with 50 mM NaCI (approximately 

75% of the input a c t i v i t y  was eluted).  The eluted enzyme was pooled, dialyzed 

and loaded on a phosphocellulose (P , I I )  column (lOcm x Icm) preequi l ibrated 

w i t h  buffer A. Af ter  washing the column with buffer A, the enzyme was eluted 

with 0-0.6 M l inear NaCl gradient. The a c t i v i t y  e lut ing at sa l t  Concentration 
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of 0.36 to 0.39 M was pooled, dialyzed and concentrated by d ia lyz ing against 

buf fer  A containing 50% glycerol (v /v) .  This was then fur ther  pur i f ied  in a 

10-30% (v/v) glycerol gradient containing 50 mM Tris-HCl (pH 7.9),  1 mM DTT 

Table 2 

Requirements of the Terminal Transferase 

From Human Leukemic Cells (CML) 

Addit ion 

Complete + Mn +++ dGl2_l 8 

Complete + Mn+++ dGl2_18.rC 

Complete + Mg ++ + dGl2_l 8 

Complete + Mg ++ + dGl2_18.rC 

Complete + act ivated DNA + Mn ++ 

Complete + act ivated DNA + Mg ++ 

Complete + act ivated DNA + Mn ++ + dATP 

Complete + act ivated DNA + Mn ++ + dATP + dCTP 

Complete + act ivated DNA + Mn ++ + dATP + dCTP + dTTP 

Complete + dGl2_l 8 

Complete + Mn ++ 

+ Mn ++ Minus enzyme Complete + dGl2_l 8 

pmole of 

3H-dGMP incorporated 

per I0 ~g 

of enzyme 

288.0 

244.8 

77.7 

69.9 

1220.9 

1090.8 

258.5 

217.8 

190.7 

2.1 

2.3 

2.5 

The complete reaction mixture contained 50 mM Tris-HCl (pH 7.9) ,  50 mM KCl, 
5 mM DTT, 0.05% Tr i ton X-IO0, 35 uM 3H-dGTP (sp. ac. 13 Ci/mM), 500 ~M cold (non 
radioact ive) dGTP, 50 ~g/ml of primer and 15 ul of  enzyme in a tota l  volume of 50 u l .  
The concentrations of Mn ++ and Mg ++ were 0.6 mM and I0 mM respect ive ly .  The concen- 
t ra t ion  of unlabeled nucleotides were 550 uM. Reactions were for  60 min and the 
samples were processed as in Table I .  Protein was estimated according to the method 
of Lowry et al .  
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and 0.5 M KCI. The gradients were centrifuged at 40,000 r.p.m, for 36 hrs. in 

SW 41 rotor (Beckman). Ovalbumin was used as a marker. The gradients were 

fractionated and assayed for ac t i v i t y  as in Table I .  The peak of the ac t i v i t y  

was pooled, dialyzed against buffer A and was used as the source of the enzyme. 

The enzyme has a molecular size of 3.3S. In such preparations DNA polymerase of 

any kind could not be detected (Table 2). 

RESULTS 

Estimation of Terminal Transferase 

Terminal transferase was estimated in the subcellular fract ions of 

the CML cel ls and the normal human thymus. All subcellular fract ions contained 

Table 3 

Primer and Substrate Preferences of Terminal 

Transferase from Human Leukemic Cells 

Primers 

dAl 0 

dClo 

dGlo 

dTlo 

pmole of Nucleotide Incorporated/lO ~g of enzyme 

dAMP 

191.7 

35.9 

62.5 

34.3 

dCMP 

561.7 

86.1 

58.1 

28.4 

dGMP 

1345.4 

392.6 

280.0 

191.5 

dTMP 

205.0 

35.0 

28.8 

I I  .9 

The reaction mixture contained 50 mM Tris-HCl (pH 7.9), 50 mM KCl, 
5 mM DTT, 0.05% Triton X-IO0, 0.6 mM MnCI2, 50 ~g/ml of primer, 535 ~M 
deoxyribonucleotide and the enzyme. 535 uM deoxyribonucleotide represents 
500 ~M cold deoxyribonucleotide and 35 uM radioactive (same) nucleotide. 
The concentrations of the substrates and the primers were in the plateau 
of the concentration curve (data not shown). The reactions were for 30 min. 
and the samples were processed as described in Table I .  Oligo or poly r ibo- 
nucleotides were not used as primers (data not shown). 
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this ac t i v i t y  but the soluble supernatant contained the highest ac t i v i t y  (Table I ) .  

With these procedures the CML cel ls reported here contained 34.2 units of the 

enzyme per gm of cel ls compared to 77.3 units per gm of the normal human thymus 

tissue. These typical CML cel ls contained unusually high amounts of the enzyme 

compared to cel ls obtained from many other types of leukemia. Usually 4 to I0 

units of the enzyme per gm of cel ls were found in ALL (3 cases) and CML (2 cases 

in acute blast phase) (unpublished data). 

Requirements of the Terminal Transferase 

The terminal transferase pur i f ied from these CML cel ls can polymerize 

any deoxyribonucleoside triphosphate using an oligodeoxynucleotide or a poly- 

deoxynucleotide alone as an i n i t i a t o r ,  independent of template. The enzyme can 

also polymerize a single deoxyribonucleotide when activated DNA was used as 

i n i t i a t o r  (Table 2). The polymerization of a single radiolabeled deoxyribo- 

nucleotide is strongly inhibi ted by the presence of other cold (non-radioactive) 

deoxyribonucleotides (Table 2). The polymerization of a deoxyribonucleotide 

using an oligodeoxynucleotide an i n i t i a t o r  is not enhanced when a complementary 

template strand was supplied. These results suggest that the enzyme is a true 

terminal transferase and is free from any true DNA polymerase ac t i v i t y  (Table 2). 

The polymerization of deoxyribonucleotides is dependent on the free 3'-OH end 

of an ol igo or polydeoxynucleotide. Ribo oligomers or ribo polymers are very 

poor i n i t i a t o r s ,  and we find that under our optimum conditions for assay that 

the enzyme prefers Mn++to Mg ++. The terminal transferase ac t i v i t y  is completely 

inhibited by a combination of 10% ethanol and I0 mM N-ethylmaleimide while 

under this condition the DNA polymerase ~ is not inhibi ted. Therefore, 

the terminal transferase ac t i v i t y  is not due to a minor terminal addit ion 

of deoxyribonucleotides catalyzed by DNA polymerase 8. The enzyme prefers 

oligo dA irrespect ive of substrates. A comparison of the preferences of 

primer and substrates of the terminal transferase is shown in Table 3. 

DISCUSSION 

Terminal deoxyribonucleotidyl transferase was thought to be 

373 



Vol. 62, No. 2, ] 975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

thymic specif ic since the enzyme was not found in a wide var iety of 

tissues (3). McCaffrey et al. (4) found terminal transferase in the 

leukocytes of patients with ALL and suggested a possible thymic or igin of 

the disease. We have found terminal transferase in human ALL cel ls 

confirming the results of McCaffrey et al. (4). Srivastava has shown the 

presence of terminal transferase in a var iety ofcel ls (5) and has demonstrated 

that the amount of terminal transferase in normal cel ls are 0.2 to I% as 

compared to leukemic cel ls (personal communication) 

The results presented in this communication clear ly show the 

presence of terminal transferase in human CML (blast ic phase) cel ls .  

These results may be interpreted as indicating one of the following: (a) 

that terminal transferase may be thymic specif ic but may be derepressed 

in other tissues possibly from expression of type-C vi ra l  information 

(6,7) or by the neoplasia i t s e l f ;  (b) that the stem cel ls of many human 

leukemias are in fact thymic derived; or (c) that there are thymic cell 

responses to the disease so that leukemic cel ls are contaminated with 

cel ls derived from the thymus gland but are not themselves thymic derived. 

In this respect i t  w i l l  be of interest  to show by a histochemical assay 

that i t  is the leukemic cel ls which contain this enzyme and that the 

amount is comparable to ac t i v i t i es  found in thymus cel ls.  
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